The densities (ρ), viscosities (η), and refractive indices (n D ) of (0.01, 0.05, 0.10, 0.15, and 0.20 m) amino acid, glycine, and peptides, diglycine and triglycine in 0.01 m aqueous tartrazine solution were determined at 288. 15, 293.15, 298.15, 303.15, 308.15, and 313.15 K. The density data were utilized to evaluate apparent molar volumes (φ v ) which, in turn, were used to determine partial molar volumes (φ v
Introduction
Macromolecules such as proteins, nucleic acids, and polysaccharides are evolutionary and prone to aqueous surroundings [1] . The structural units of proteins, such as amino acids, peptides, and their derivatives, are used as model compounds to study the conformational stability and behaviour of proteins in solutions.
The present work is a continuation of our program on the study of molecular interactions of amino acids/peptides in the presence of an additive tartrazine in aqueous medium from the measurement of various transport and thermodynamic properties [2 -4] . Literature survey reveals that no studies have been carried out on these systems from the viewpoint of their thermodynamic and transport behaviours.
Azo colourants, such as tartrazine (E102), sunset yellow (E110), and allura red (E129), constitute one of the major synthetic colourant groups, used commercially in food, drinks, medicines, and cosmetics [5] . The dyes are widely used due to an inexpensive production and a large colour spectrum that can be obtained, when compared with natural colourants [6] . However, inspite of its commercial use, tartrazine is reported to catalyze hyperactivity [7] , asthma [8, 9] , 0932-0784 / 09 / 1100-0758 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com migraines, thyroid cancer [10] , and other behavioural problems [11] .
Thus, keeping these considerations, experimentally measured densities (ρ), viscosities (η), and refractive indices (n D ) of aqueous tartrazine (0.01 m) and of solutions of glycine, diglycine, and triglycine (0.01, 0.05, 0.10, 0.15, and 0.20 m) in aqueous tartrazine at 288. 15 1 • * ) and solute (∆µ 2 • * ), enthalpies (∆H * ) and entropies (∆S * ) of activation of viscous flow, and molar refraction (R D ) were calculated for all the amino acid/peptides in aqueous tartrazine solution from the experimental density, viscosity, and refractive index data. These parameters were discussed in terms of ionion, ion-nonpolar, and nonpolar-nonpolar interactions in the above mentioned mixtures.
Experimental
Glycine (E. Merck, Germany, mass fraction 0.99), diglycine (Acros organics, Belgium, mass fraction 0.99), and triglycine (Sigma, mass fraction 0.99) were used after recrystallization from ethanol/water mixtures and dried in vacuum over P 2 O 5 at r. t. for 72 h before use. Analytical reagent grade, tartrazine (E. Merck, Germany, mass fraction 0.98) was used as such without further purification. Doubly distilled and deionized water was utilized for preparing 0.01 m aqueous tartrazine solution and was used as solvent to prepare 0.01, 0.05, 0.10, 0.15, and 0.20 m glycine, diglycine, and triglycine solutions. All the solutions were prepared by weight (molality basis) and weighings were done on Swiss-made electronic balance, Precisa XB-220A, with a precision of ±0.0001 g. The solutions were stored in special air tight bottles to avoid contamination and evaporation. The pycnometer and Ubbelohde-type suspended level viscometer were used for the density and viscosity measurements, respectively. The methodology is described in our earlier papers [2, 12] . Refractive indices were measured using thermostated Abbe refractometer after calibrating it with double distilled water and toluene at known temperatures. The accuracy in density, viscosity, and refractive index measurements was found to be ±0.1 kg m −3 , ±3 · 10 −6 N s m −2 , and ±0.0002, respectively.
For the measurements of density, viscosity, and refractive index, the temperature of the solutions was maintained in an electronically controlled water bath (Julabo, Germany) having a precision of ±0.02 K.
Results and Discussion
The measured density, viscosity, and refractive index for 0.01m aqueous tartrazine and of 0.01, 0.05, 0.10, 0.15, and 0.20 m glycine, diglycine, and The apparent molar volumes of ternary solutions were determined from density data using the following relation:
where M is the molecular weight of solute (glycine, diglycine, and triglycine) having molality m, ρ and ρ 0 are the densities of ternary solutions and solvent (aqueous tartrazine), respectively. The φ v values of one amino acid (glycine) and two peptides (diglycine and triglycine) at the six temperatures are plotted against m 1/2 as shown in Figure 1 . Figure 1 shows that φ v is large positive for the amino acid/peptides in aqueous tartrazine solution, indicating the presence of strong solute-solvent interactions. A valuable empirical generalization on the change of φ v with square root of molal concentration is given by Masson's equation [13] : Table 2 . In general, it is expected that the following types of interactions will take place in the mixtures:
(i) ion-ion interactions between zwitterions (NH3 + , COO − ) of amino acids / peptides and anions SO − 3 / cations Na + of tartrazine (C 16 H 9 N 4 Na 3 O 4 S 2 ).
(ii) ion-nonpolar group interactions between (NH 3 + , COO − ) of amino acid/peptides and hydrophobic group of tartrazine and between cations Na + / anions SO − 3 of tartrazine and hydrophic part of amino acid/peptides.
(iii) nonpolar-nonpolar group interactions between hydrophobic side chains of amino acid/peptides and those of the dye, tartrazine. Table 2 shows that the φ v
• values are found to increase from glycine to triglycine, which is due to the increase in the hydrophobicity of the alkyl chain. This points the dominance of interactions of type (ii) and (iii) over interactions of type (i).
The observed values of S v * ( acid/peptides act as structure-breakers in the present study.
The volumes of transfer (φ v • (tr) ) for amino acid/ peptides from aqueous to aqueous tartrazine solution were calculated using φ v
• data from the relation
The values of φ v
•
(tr) are included in Table 2 . The φ v
• (aq) were obtained from the literature [14 -18] . It is evident from Table 2 . This is due to the fact that amino acid/peptides under study induce a considerable contraction in volume of the peripheral solvent because of electrostriction [19] . This electrostrictive effect of amino acid/ peptides is diminished on the addition of tartrazine due to the shielding effect of tartrazine molecules on the zwitterions. The structure of tartrazine shows the presence of several possible active sites that can interact with the zwitterions of amino acids/peptides. These active sites are a lone pair of electrons on two oxygen atoms and one on each nitrogen atom, which may interact with NH + 3 of zwitterions glycine, diglycine, and triglycine. As a result, amino acid/peptides would not be able to exert the electrostriction effect at their maximum in the presence of dye tartrazine as compared to that in the pure water, thereby, resulting in a volume expansion and, hence, in positive transfer volumes. Similar conclusions were also drawn by others for amino acids in aqueous alkali chloride solutions [20] and in aqueous tetramethylammonium bromide solutions [21] and also by Ali et al. [22] for amino acids in aqueous caffeine solution.
The variation of relative viscosity (η r ) for amino acid/peptides in aqueous tartrazine solution can be represented by the Jones-Dole [23] equation:
where η and η 0 are the respective viscosities of solution and solvent. A and B are the constants characteristic of ion-ion and ion-solvent interactions, respectively. A and B were obtained by the least-squares method as intercept and slope of the linear plots of (η r − 1)/m 1/2 versus m 1/2 . Eyring and co-workers [24] proposed that the contribution per mole of solvent to the free energy of activation (∆µ 1 0 * ) of viscous flow can be evaluated using the relation
where h is the Planck constant, N A the Avogadro's number, V 1 0 the partial molar volume of solvent, R the universal gas constant, and T the temperature. The rearrangement of the above equation (5) gives:
According to Feakins et al. [25] the relation of Bcoefficient to ∆µ 2 0 * , the contributation per mole of solute (amino acid/peptides) to the free energy of activa- tion of viscous flow is given by
where V 2 0 (= φ v 0 ) is the partial molar volume of the solute. The rearrangement of (7) yields:
The calculated values of A, B, ∆µ 0 * 1 , and ∆µ 0 * 2 are summarized in Table 3 .
It can be observed from Table 3 that the values of Bcoefficients are higher as compared to A-coefficients, thereby supporting the behaviour of φ v
• and S v * , respectively.
The sign of (∂B/∂T ) P plays a crucial role in determining the structure-making/-breaking ability of solute rather than the size of B-coefficients [26] . The negative values of (∂B/∂T ) P signify structuremaking while positive values represent the structurebreaking ability of the solute. The variation of B with temperature is graphically shown in Figure 2 . Figure 2 depicts that the sign of (∂B/∂T ) P is positive for all the amino acids/peptides, suggesting that plying that as the hydrophobicity of the side chain of amino acid/peptides increases more energy is required in transferring the species from ground to transition state since more solute-solvent bonds are broken to attain the transition state. Similar results were also reported by Pal et al. [27] for amino acids in aqueous urea solutions. The free energy of activation of viscous flow of solutions (∆µ 0 * ) was determined using the equation
where n 1 and n 2 are the number of moles of solvent and solute, respectively. The enthalpies (∆H * ) and entropies (∆S * ) of activation of viscous flow were calculated from the relation [27] 
The values of ∆H * and ∆S * are obtained from the linear plots of ∆µ * vs T , as intercept and slope, respectively. These parameters provide useful structural information about solute species and solute-solvent interactions. Their values are given in Table 4 . It is observed from Table 4 that ∆H * values decrease as the concentration of amino acid/peptides increases in the solution, indicating that the formation of the activated species required for viscous flow appears easy as the concentration of solute (amino acid/peptides) increases in the solution. The ∆S * values are found to be negative and show a pronounced decrease as the concentration of solute increases in the solutions, implying that the system is more structured during the viscous flow than it was in initial state, hence, indicating the presence of significant solute-solvent interactions in the system under investigation. One of the most versatile tool to elucidate numerous physicochemical and thermophysical properties of multicomponent systems is the use of refractive index. It provides substantial information of the molecular in-fluence on the intensity of the interactions in the mixtures.
The refractive index data are fitted into a LorentzLorenz equation to calculate molar refractivity (R D ):
where x i is the mole fraction of the i th component of the mixture having molar mass M i . The values of R D at all investigated temperatures are summarized in Table 5 and plotted in Figure 3 as a functions of amino acid/peptides concentration. The variation of R D with mixture composition gives information on the interaction in the mixtures [28] . Figure 3 shows that R D increases almost linearly with increase in the amount of amino acid/peptides in aqueous tartrazine. Since R D is directly proportional to molecular polarizability, Figure 3 exhibits an increase in overall polarizability of all the ternary systems under study with increasing amount of amino acid/peptides in the mixtures. It is concluded that the volumetric, viscometric, and refractive index behaviours are in well agreement with each other.
